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(Ozawa Narutaka) $\ovalbox{\tt\small REJECT}\backslash \Gamma\backslash *\mathrm{q}\lambda^{;\sim_{\underline{\mathrm{S}}}}\underline{\mathrm{J}_{\Gamma}}\overline{(\mathit{0}}\mp_{\mathrm{t}}$ $|\eta$
$1998\not\in 3$ fl 20 $\mathrm{B}$
1 Operator space $\mathrm{t}\mathfrak{l}\mathrm{f}7$.
Operator space theory $\mathrm{B}(\mathcal{H})$ subspace $\mathrm{B}(\mathcal{H})$ subspace
normed space operator space
1 operator space $E$ Banach space $E$ $\mathrm{M}\mathrm{I}_{n}(E)$ norm $||$ $||_{n}$
$(E, || ||_{n})$ 2
$(R1)$ $||\alpha x\beta||_{n}\leq||\alpha||||x||_{n}||\beta||$ $where\alpha,$ $\beta\in \mathrm{M}\mathrm{I}_{n}$ and $x\in \mathrm{M}1_{n}(E)$
$(R2)$ $||x \oplus y||_{n+m}=\max_{\wedge}\{||x||_{n}, ||y||_{m}\}$ where $x\in \mathrm{M}\mathrm{I}_{n}(E),$ $y\in \mathrm{M}\mathrm{I}_{m}(E)$
$\alpha x\beta$ matrix $multipricati_{\mathit{0}}n\text{ }$ $x\oplus y$ diag $(x, y)$
$E$ (H) closed subspace $\mathrm{M}\mathrm{I}_{n}(E)$ llornl
$\mathrm{M}\mathrm{I}_{n}(E)\subset \mathrm{M}\mathrm{I}_{n}(\mathrm{B}(\mathcal{H}))$
$E$ operator space
operator space subspace relative norm operator space
operator space
2 $E,$ $F$ operator space $u$ : $Earrow F$ linear map $u$
linear maps
$u\otimes id_{n}$ : $\mathrm{M}[_{n}(E)\ni[x_{ij}]\vdash\star[u(X_{ij})]\in \mathrm{I}\mathrm{M}_{n}(F)$
induce $\mathrm{M}\mathrm{I}_{n}(E),$ $\mathrm{M}\mathrm{I}_{n}(F)$ norm
$||u||_{Cb}= \sup_{n}||u\otimes id_{n}||$
$||u||_{cb}<\infty$ $u$ completely bounded map ($cb$ map) $||$ $||_{cb}$
completely bounded norm($cb$ norm)
u\otimes id contraction $u$ complete $contracti\mathit{0}n_{\text{ }}$
$u\otimes id_{n}$ isometry $u$ commplete isometry
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operatospaces $E,$ $Fl_{-\eta}^{arrow}\llcorner$ completely isometric $\mathrm{i}_{\mathrm{S}\mathrm{O}111\mathrm{O}}.1^{\cdot}\mathrm{p}^{\}_{1}}\mathrm{i}.\mathrm{s}111u$ : $Earrow Fj\mathfrak{y}\Re i\not\in- \mathrm{r}\mathrm{g}_{)}\epsilon$
$\text{ }E=F\geq\geqq \text{ }\mathrm{B}$ . I $i’\iota \mathrm{b};\mathrm{r}\cap\overline{\mathrm{r}\mathrm{r}}1^{\backslash ^{\backslash }},\mathrm{b}^{(7)}\text{ }\llcorner \text{ }j\mathrm{A}Z_{\circ}$
operator space $\emptyset Z\mathrm{J}\sigma$) $\mathrm{f}\mathrm{f}\mathrm{i}\ovalbox{\tt\small REJECT} l\mathrm{f}\backslash ’\lambda\emptyset$ Ruan $\emptyset\not\in\Phi$ ez 2: $\xi)_{\circ}$
$\epsilon^{\wedge}l\mathrm{E}3([11|,[5])\not\in\pm e\ovalbox{\tt\small REJECT}\emptyset$ ope.rator space $E\mathfrak{l}\mathrm{f}\mathrm{B}(\mathcal{H})\emptyset$ operator subspace $l_{\vee}^{\sim}$ completely
$i_{Som}\prime etriCally$ isomorp$hicT^{\backslash }h6\circ$
$E\theta^{\zeta}$ separable $\gamma_{t\mathrm{b}\mathcal{H}}\not\in$ ) separable $\text{ }1" \text{ }‘ \mathrm{k}|_{J^{)}}0$
2 Spatial tensor product $\mathrm{g}$ cb maps
$A$ $\delta\searrow\vee\backslash \sigma$-algebra $\emptyset\geq \text{ }l\mathrm{M}_{n}(A)\mathrm{b}C^{*}$ -algebra $\text{ ^{}\backslash }\backslash \mathrm{a}_{\mathrm{o}^{-}C}\mathrm{Y}$ $C^{*}$ -algebra $\ovalbox{\tt\small REJECT}\sigma)^{*}$-homo $l\mathrm{f}\Xi$
Sb $\theta 9$ ze contractive $7_{\sim}^{\backslash ^{\backslash }}arrow\delta^{\backslash }\mathrm{b}*$-homo va $\Xi\ovalbox{\tt\small REJECT}\Re$] ze complete contraction $k^{\gamma_{\zeta\xi)_{\mathrm{O}}}}‘\ovalbox{\tt\small REJECT}\gamma_{arrow_{\backslash }}\vee$ $*$ -iso
$[] \mathrm{f}$ complete isonletry $\not\in:^{\gamma_{J}6}0$
cb $\mathrm{m}\mathrm{a}\mathrm{p}\not\in:$ \yen $\grave{\mathrm{x}}2$) $\ovalbox{\tt\small REJECT} \mathrm{I}\rfloor l\backslash \backslash \backslash l\mathrm{l}5\mathrm{f}\backslash ’\lambda\emptyset^{arrow}\tau \mathrm{E}\Phi\iota_{\sim}^{\sim}\text{ }\epsilon 0$
$\mathrm{g}^{\mathrm{r}}\mathrm{I}\Sigma 4([6],[7])A\not\in:\mathrm{c}*l- agebra_{\backslash }E\subset A$ $\xi$: operator $\mathit{8}ubspace_{\backslash }u$ : $Earrow \mathrm{B}(\mathcal{H})\not\in:cb$
map $\text{ }$ $2^{-}Z\mathrm{o}$
$\check{\mathrm{c}}^{\mathit{0})}$ 5 . Hilbert space $\mathcal{K}\text{ }$ $*$-homo $\pi$ : $Aarrow \mathrm{B}(\mathcal{K}),$ $V,$ $\mathrm{I}\prime V\in \mathrm{B}(\mathcal{H}, \mathcal{K})\delta^{\backslash ^{\backslash }}\backslash \#\not\subset \mathrm{E}]arrow\tau_{\backslash }-$
$||V\}|||W||=||u||_{cb}-C_{\backslash }^{\backslash }\backslash$
$u(x)=V^{*}\pi(X)\mathrm{T}V$ for $x\in E$
$\text{ }z_{\mathrm{A}}r\simrightarrow T\mathrm{o}$
$\mathrm{f}\doteqdot\iota_{\sim}^{arrow}\backslash$ operator spaces $E,$ $F\text{ }cb$ map $u$ : $Earrow \mathrm{B}(\mathcal{H})\#_{\mathrm{c}}\sim n1arrow Cb$ $norm\not\in_{\mathrm{i}^{\prime \text{ }\gamma}}\simeq^{\Gamma}\grave{X}_{-}J\vee 15_{\mathrm{A}}\backslash r\ovalbox{\tt\small REJECT}$
$\tilde{u}$ : $Farrow \mathrm{B}(\mathcal{H})\delta\Re\pi-\mathrm{r}_{6_{0}}$
$E\subset \mathrm{B}(\mathcal{H}),$ $F\subset \mathrm{B}(\mathcal{K})k$ operator spaces t-r $\mathrm{g}_{)}\text{ _{}\tau}\ll\cdot\emptyset$ tensor product $E\otimes F[] \mathrm{f}$
$\mathrm{B}(\mathcal{H}\otimes \mathcal{K})\emptyset$ subspace $\text{ }d\mathrm{A}^{\vee}C$ operator space $\vee C^{\backslash }h6_{\circ}$ ( $\mathrm{c}\mathrm{o}\mathrm{m}_{\mathrm{I}^{)}}1\mathrm{e}\mathrm{t}\mathrm{i}\mathrm{o}11\llcorner^{-}\mathrm{C}k^{\backslash }\langle$o)
$\mathfrak{l}^{\vee}-$ nk $C^{*}$-algebra $\emptyset\geq \text{ }\geq\Pi\overline{\mathfrak{o}}\ovalbox{\tt\small REJECT}\iota_{arrow}$’ spatial tensor product $\text{ }$ \ddagger $\lambda_{\mathrm{O}}$
$4_{\mathrm{i}}\emptyset\hat{\pi}\Phi larrowarrow‘ \mathrm{X}\mathfrak{h}u_{i}$ : $E_{i}arrow F_{i}$ $(i=1,2)\iota_{\sim}^{arrow}\eta_{\mathrm{I}}arrow-\tau_{\backslash }$
$u_{1}\otimes u_{2}$ : $E_{1}\otimes E_{2}arrow F_{1}\emptyset F_{2}$
$[] \mathrm{f}$ completely bounded $\varphi||u_{1}\otimes u_{2}||_{cb}=||u_{1}||_{\mathrm{c}b}||u_{2}||_{Cb}\text{ }\prime x6^{>}arrow \text{ }i\searrow\backslash \backslash i\supset l^{\searrow}\xi$) $0$
$\eta\doteqdot l_{\sim}^{arrow}\backslash u_{i}$ $(i=1,2)p\searrow\backslash ^{\backslash }$ complete isometry $\gamma_{J\mathrm{b}}u_{1}\Theta u_{2}\not\in$) complete isometry $e\mathfrak{X}$) $6_{0}$
$j\Xiarrow\ovalbox{\tt\small REJECT} \mathit{2}:^{\mathfrak{p}})$ operator spaceE ezr $\text{ }E\otimes\beta \mathrm{M}_{n}=\mathrm{M}[_{n}(E)\tau^{\backslash }h60\mathrm{I}\mathrm{M}_{n}\subset \mathrm{B}(\mathcal{H})T^{\backslash }b\epsilon l^{\backslash }\mathrm{b}$
$u$ : $Earrow Fl_{arrow\eta}^{\wedge}\backslash 1arrow \text{ }$
$||u||_{cb}=||u\otimes id\mathrm{B}(\mathcal{H})||$
$\mathrm{T}^{\backslash }b6_{\circ}$
3 Dual operator spaces $*^{g}$) $l\mathrm{g}$
$\overline{\not\subset}\ovalbox{\tt\small REJECT} 5([1],[4])CB(E, F)\text{ }E\delta^{\backslash C}\mathit{2}F\wedge \mathit{0})cb$ rnaps $\mathit{0}$) $\ovalbox{\tt\small REJECT}_{\text{ }^{}\mathrm{A}}$ $T6_{0}\mathrm{c}arrow i\mathrm{t}t\mathrm{f}Cb$ norm $- \mathrm{c}^{\backslash }$
Banach space $l_{\sim}^{arrow\gamma_{J\cdot\tau}1}\circ J^{\mathrm{l}\mathrm{g}}$ ’ $’\lambda\backslash \sigma$) $\mathfrak{l}\Pi\overline{1}-\dagger \mathrm{E}$ ez $f\circ$ $\mathrm{M}[_{\mathrm{y}1}(CB(E, F))$ ez $no\mathit{7}’m,$ $\epsilon_{\mathrm{i}}\lambda\lambda\gamma_{-}6\circ$
$\mathrm{M}\mathrm{I}_{n}(CB(E, F))=CB(E, \mathrm{M}\mathrm{I}n(F))$
2
$\check{\mathrm{c}}$ it $\iota_{\sim}^{\sim}x\circ$ $CB(E, F)$ la operator $\mathit{8}pace$ $E\sigma$) $duo,l\mathit{8}paCeE^{*}$ va $CB(E, \mathbb{C})$ ez $i\mathit{8}o’mef_{!^{-}}$
rically isomorp $hic\mathfrak{P}\mathfrak{X}$ ) $6$ $E^{*}\prime CCB(E, \mathbb{C})\text{ }\Pi\overline{\mathfrak{o}}-\ovalbox{\tt\small REJECT}\llcorner$ operator space ez $\mathrm{T}6$ $\check{\mathrm{c}}$ tz
$kE(7)$ dual operator $\mathit{8}pace\text{ }xx*\circ$
$arrow\ovalbox{\tt\small REJECT} j\mathrm{E}$ \ddagger $\mathfrak{h}E^{*}\otimes \mathrm{N}\mathrm{I}_{n}=cB(E, \mathrm{R}\mathrm{I}n)\mathrm{e}_{h\circ}6-\#^{J}\mathrm{x}^{\mathrm{L}}\#arrowarrow E*\otimes F\subset CB(E, F)i\mathfrak{h}^{\mathrm{p}}\Phi \mathfrak{y}\underline{-\backslash 7}D[2]$
$\mathbb{H}\#_{\sim}^{arrow}\backslash E$ \yen $r\approx l$a $Fi\mathfrak{h}^{-}\backslash \mathrm{g}\backslash \beta \mathrm{E}\backslash \text{ }\overline{\pi}\prime X\mathrm{b}^{\frac{R}{\urcorner\tau}-\mathrm{p}\Re \mathfrak{y}\backslash }\square *7\partial^{\backslash }\underline{- 7}D_{\mathrm{O}}$
$\nearrow\lambda\backslash$ ez ultraproduct operator space $\epsilon_{\mathrm{i}^{\wedge}}j\mathrm{E}\ovalbox{\tt\small REJECT}\tau\epsilon 0$
$E_{k}$ , $k\in \mathrm{N}^{\backslash }\epsilon$: operatore spaces $\mathit{0}$) $P^{1} \rfloor \text{ }9^{-}6_{\circ}\omega\in\beta \mathrm{N}^{\backslash }\backslash \mathrm{N}\backslash \not\in:10\text{ }\emptyset\backslash E_{\omega}=\prod E_{k}/\omega$
$i_{\mathrm{i}}$ ultraproduct 8 $T2$) $\circ’\lambda^{\sigma_{\mathit{3}}}\backslash \Pi\overline{\mathfrak{o}}-\theta \mathrm{B}\tau^{\backslash }\mathrm{c}\lambda’\vee\llcorner$va operatore space $t_{\sim}^{arrow\gamma_{Jz}}$)
$\mathrm{M}\mathrm{I}_{n}(\prod E_{k/)\prod_{k}}k\omega=\beta \mathrm{M}_{n}(Ek)/\omega$
$u_{k}$ : $E_{k}arrow F_{k}\sigma$) $\text{ }\Xi^{*\iota}.\backslash \backslash \simarrow u_{\omega}$ : $E_{\omega}arrow F_{\omega}i^{\mathrm{f}}\not\in\ovalbox{\tt\small REJECT} 6_{\circ}\check{\mathrm{c}}\mathit{0}$ ) $\text{ }$ .
$||u_{\omega}\otimes id_{n}||$ $=$ $\lim_{\omega}||u_{k^{\otimes id||}}n$
$\leq$ $\lim_{\omega}||u_{k}||cb$
\ddagger $D$ $||u_{\omega}||_{Cb} \leq\lim_{\omega}||u_{k}||_{cb}\mathbb{H}$ ez $u_{k}$ : $E_{k}arrow \mathrm{I}\mathrm{M}_{n}\sigma$) $\text{ }u_{\omega}$ : $E_{\omega}arrow \mathrm{I}\mathrm{M}_{r\iota}\mathrm{T}_{\backslash }^{\backslash }$
$||v_{\omega}||_{cb}=||u_{\omega} \otimes id_{n}||=\lim\omega||?rk\otimes id_{r}\iota||=\lim_{\omega}||u_{k}||_{Cb}$
$k^{f}‘ \mathrm{r}\mathrm{g})\emptyset \mathrm{T}\backslash$ (PJ $\emptyset R\sigma^{\backslash -_{l_{\sim}^{\sim}\mathrm{o}\iota,\tau}}3\cdot D\in\exists\emptyset\frac{R}{\urcorner \mathrm{J}}.\mathrm{r}$ Vl $[12]\not\in:\mathrm{E}\text{ }$ )
$\prod E_{\lambda}^{*}./\omega\subset(\prod E_{k}/\omega)^{*}$ complete isometrically
$T^{\backslash }h6_{\circ}\mathrm{S}\mathrm{b}l_{\sim}^{arrow}Ek$ $th\backslash \tau\backslash ^{\backslash }\wedge^{\backslash }$ n-dim $\mathrm{i}\mathrm{g}$ $\sigma_{\mathit{2}}\Leftrightarrow 7^{\mathrm{D}}\mathscr{F}l^{\grave{\grave{\backslash }}}l\Re V$) $\underline{1/rightarrow}\mathrm{Q}$
quotient operator space $\mathrm{f}$ direct sum operator space $i_{)_{\mathrm{B}\mathrm{J}^{\backslash }}^{\mathrm{i}\iota \mathrm{g}}}\ovalbox{\tt\small REJECT}_{l_{\sim\hat{\mathrm{E}}}^{arrow\ovalbox{\tt\small REJECT} \text{ }6}}\backslash \mathrm{O}$
4 Operator Space $\mathit{0}$) $\mathrm{t}fi|\rfloor$
(i) $E$ lt Banach space $9^{-}k\circ E$ va $C^{*}$ -algebra $C(B_{E^{*}})\emptyset$ subspace $j_{\mathrm{A}}$ opera-
tor space $T^{\backslash }h6\circ \mathrm{c}\mathrm{c}\vee$’ “‘ $B_{E^{*}}=\{f\in E^{*} : ||f||=1\}$ witl1 weak* $\mathrm{f}\mathrm{t}$) $1^{)}\mathrm{t}$) $\mathrm{l}\mathrm{o}\mathrm{g}\mathrm{y}$
$-\Re\iota^{\sim}\sim\backslash$ A $\epsilon$: commutative $C^{*}- \mathrm{a}\mathrm{l}\mathrm{g}\mathrm{e}\mathrm{b}\mathrm{r}\mathrm{a}_{\backslash }E\mathrm{E}_{\mathrm{i}}$ operator space $\text{ }$ -t 6 $\text{ }\not\subset\in_{J}\ovalbox{\tt\small REJECT}\sigma$) bounded
map$Earrow A$ ei completely bounded $\mathrm{e}||u||_{cb}=||u||$ $\gamma_{X6}\circarrow’ i\iota$ Vl (Banach spaces ,
bounded maps) $U$) category $i\mathfrak{h}^{-\backslash }\backslash$ (operator spaces , cb maps) $\mathit{0})$ subcategory $\mathfrak{P}$ 6 $\vec{\mathrm{c}}$
$\text{ }\xi_{\mathrm{i}}\mathrm{g}\underline{\backslash }\backslash \Re\tau\epsilon 0$
(ii) $\{e_{ij}\}\mathrm{d}:l\mathrm{M}_{n}\emptyset$ matrix unit $T6\text{ }\backslash$
$R_{n}=spa71\{e_{1}j : j=1, \cdots, n\}$ , $C_{n}=spa?\iota\{e_{i1} : i=1, \cdots, n\}$
$k^{\mathrm{Y}}\langle_{0}\check{-}\lambda \mathrm{t}\mathrm{b}l\mathfrak{x}\mathrm{M}1_{n}\emptyset$ subspace $7_{\sim}^{arrow i}\backslash ^{\backslash }\mathfrak{y}\backslash \mathrm{b}$ operator spaceO $\xi$ iz $’\not\in\underline{\backslash }t\backslash \iota$ row Hilbert sp.a$\mathrm{c}\mathrm{e},\mathrm{C}\mathrm{o}\mathrm{l}\mathrm{u}\mathrm{m}\mathrm{l}\mathrm{l}$
Hilbert space $\text{ }\rfloor:\iota \mathrm{f}^{\backslash }i1k$ $arrow i\vee\iota \mathrm{b}$ la Banach space 1“ n-dim Hilbert space $\ell_{2}^{n}$ ez iso-
metrically $\mathrm{i}\mathrm{s}\mathrm{o}\mathrm{m}\mathrm{o}\mathrm{r}_{1)j\mathfrak{y}\searrow^{\backslash }}\mathrm{J}\mathrm{h}\mathrm{i}\mathrm{C}- \mathrm{c}^{\backslash }\mathfrak{X}$) $Z\backslash \backslash$ $\mathrm{c}\mathrm{o}\mathrm{n}\mathrm{u}\mathrm{p}\mathrm{l}\mathrm{e}\mathrm{t}\mathrm{e}1\}^{\gamma}$ isometrically $\mathrm{i}_{\mathrm{S}\mathrm{o}\mathrm{n}\mathrm{l}\mathrm{o}}\mathrm{r}\mathrm{p}\mathrm{h}\mathrm{i}\mathrm{C}\varphi\gamma_{\zeta}\mathrm{c}\{_{J}\supset_{\mathrm{O}}\sim\not\equiv_{\backslash }\prime \mathrm{E}\backslash$
3
$\mathrm{c}\vee i\tau_{-}\mathrm{b}\emptyset\ovalbox{\tt\small REJECT}\emptyset$ map $u[_{arrow}^{arrow}\mathcal{H}\llcorner$ $||(\iota||_{c}b=||u||HS(\mathrm{H}\mathrm{i}\mathrm{l}\mathrm{b}\mathrm{e}\mathrm{r}\mathrm{t}-\mathrm{s}\mathrm{c}\}_{11}\mathrm{n}\mathrm{i}\mathrm{e}\mathrm{l}\mathrm{t}_{\mathrm{l}\mathrm{l}\mathrm{O}}\mathrm{r}\mathrm{n}1)(\succeq t_{jZarrow}\sim$ $\delta^{\backslash }\backslash ^{\backslash }’*\#$
$\mathrm{b}h$ $\mathrm{t}$ ) $\not\in$) $\circ\acute{\mathrm{t}}i^{\backslash }\mathrm{E}\text{ }$ ‘ $u:R_{n}arrow C_{r\iota}’\text{ }$ isomorphism $\text{ }TZ\geq \text{ }$ .
$||u||_{\mathrm{c}b}||u-1||_{Cb}\geq||uu^{-1}||Hs=\prime p$
(iii) $CB$ ( $\ell_{\infty}^{n}$ , $\mathrm{B}$ (l-t)) $\epsilon_{\mathrm{i}}\mathrm{g}_{\mathrm{X}_{-}^{1}}\epsilon_{0}$
$T:l_{\infty}^{n}\ni e_{i}\mapsto x_{i}\in \mathrm{B}(\mathcal{H})$
$kT6_{\circ}\check{\mathrm{c}}\check{\mathrm{c}}arrow Ge_{i}i=1,\cdots,n$ ei $\ell_{\infty}^{\mathit{1}n}\emptyset \mathrm{c}.\mathrm{a}\mathrm{r}\mathrm{l}0\mathrm{n}\mathrm{i}\mathrm{c}\mathrm{a}\mathrm{l}\mathrm{b}\mathrm{a}\mathrm{s}\mathrm{i}\mathrm{s}_{0}$
$||T||_{Cb}$ $=$ $||T\otimes id_{\mathrm{B}}(\mathcal{K})||\ell_{\infty}^{n}(\mathrm{B}(\kappa))arrow \mathrm{B}(\mathcal{H})\otimes \mathrm{B}(\kappa)$
$=$ $\sup\{||\sum X_{i}\otimes ai|| : ||a_{i}||\leq 1 i=1, \cdots, n\}$
$=$ $\sup$ { $|| \sum x_{i}\otimes u_{i}||$ : $u_{i}$ a unitary $i=1,$ $\cdots$ , $n$ }
3 $\xi\Xi\emptyset\Leftrightarrow-\mathrm{D}F$OC Russo-Dye $\emptyset^{-\{}j\Xi\Phi \mathrm{E}_{\mathrm{i}}\mathrm{E}\text{ }f=\circ$




$U_{n} \text{ }\backslash \not\subset \mathfrak{W}\mathrm{s}\oint \mathrm{t}\mathcal{Z})$ n-di operator space $T6_{\mathrm{O}}$
$4\neq\Rightarrow\emptyset\backslash u_{i}\in \mathrm{B}(\mathcal{K})$ $i=1,$ $\cdots,$ $n\iota_{\sim}^{\wedge}\chi_{\backslash }\mathrm{f}\mathrm{L}$ map $\varphi$ : $E_{1}^{n}\ni U_{i}\mapsto u_{i}\#\mathrm{f}^{*}$-honlo $\varphi\wedge$ :
$\sigma(\mathrm{F}_{\infty})arrow \mathrm{B}(\mathcal{K})\text{ }\mathrm{i}_{\mathrm{I}1}\mathrm{d}\mathrm{u}\mathrm{c}\mathrm{e}9- 6\emptyset- \mathrm{e}_{\backslash }\mathrm{C}\mathrm{O}\ln_{1^{\mathrm{J}}}1\mathrm{e}\mathrm{t}\mathrm{e}\mathrm{l}\mathrm{y}\mathrm{C}\mathrm{O}11\mathrm{t}\mathrm{r}\dot{\mathcal{L}}1\mathrm{C}\mathrm{f}\mathrm{i}_{1\mathrm{c}}r\pi_{b6}\mathrm{o}M’$ ‘




5 Exact operator spaces
$\not\subset\ovalbox{\tt\small REJECT} \mathrm{r}\mapsto 6([8])$ operator space $E\theta^{\backslash }\backslash \backslash$ exact “ $h6\geq l\mathrm{f}_{\backslash }4\neq_{l}\S \mathrm{o}\mathrm{C}^{*}$ -algebra, $B$ ,6 $\emptyset$ closed,
ideal I $\mathrm{t}^{\sim}\sim\lambda\backslash \iota \text{ }$
$0arrow I\otimes Earrow B\otimes Earrow(B/I)\otimes Earrow 0$
$\theta\searrow\backslash ^{\backslash }$ exact “\hslash $6_{arrow\{}^{\vee}\succeq \text{ }TZ\circ\check{-}\emptyset\geq \text{ }$ . ($\neq.\ovalbox{\tt\small REJECT}_{\emptyset \mathrm{C}^{*}}$ -algebra $Bkk\emptyset$ closed ideal I $l_{\sim}^{\wedge}\mathrm{H}\mathrm{b}$
complete contractive map
$T$ : $(B\otimes E)/(I\otimes E)arrow(B/I)\otimes E$
$t\mathrm{f}$ linear $\mathit{8}pacei_{SQmor}phi\mathit{8}\prime m$ $\mathit{4}^{-}-\sim \mathrm{T}^{\backslash }$
$ex(E)=\mathrm{s}11\mathrm{P}\{||T^{-1}|| : B, I\}$
$kk^{\mathrm{Y}}$ $\langle$ $\mathrm{o}Et\searrow\backslash ^{\backslash }$ exact $\gamma_{\zeta \mathrm{b}}‘ ex(E)<\infty \text{ ^{}\backslash }\text{ }\epsilon_{0}$
4
$\not\cong_{J}\ovalbox{\tt\small REJECT}_{\backslash }-\llcorner\sigma)\sup_{1}\cdot \mathrm{e}\mathrm{m}\mathrm{U}\ln$ es $\mathrm{B}(\mathcal{H})\text{ }\mathrm{K}(\mathcal{H})\text{ ^{}\backslash }\backslash \doteqdot\check{\lambda}\mathrm{b}$il $Z-,$ $\text{ }\neq \mathrm{J}^{\backslash }\ovalbox{\tt\small REJECT}\backslash \mathrm{I}\mathrm{b}\backslash \hslash,arrow\tau 1,16$ $\mathrm{c}arrow’ \text{ _{}\backslash }^{\backslash }\vee \mathcal{H}l$ a
$\urcorner[]\theta\backslash \mathrm{f}\mathrm{f}\mathrm{i}\beta \mathrm{E}^{\backslash }\backslash \backslash *_{7\mathfrak{c}}^{-}\mathrm{j}$ Hilbert $=n_{\mathrm{L}}t_{\mathfrak{k}3}^{\mathrm{r}}\exists 0$
$x= \sum_{i=1}^{N}b_{i}\otimes e_{i}\in B\otimes Ei;(\neq’\ovalbox{\tt\small REJECT}$ ez $\text{ }6_{0}\check{-}\emptyset‘\succeq \text{ }\{e_{i} : i=1, \cdots, N\}^{\varphi\ovalbox{\tt\small REJECT}_{\mathrm{b}i}}’\llcorner\epsilon i\Xi^{\beta \mathrm{E}\prime\lambda}\backslash$
$\overline{\pi}$ operator space $kF\text{ }T6l\mathrm{i}$ .
dist $(X, I\otimes E)=d\ell st(X, I\otimes F)$
e 6 $\not\in’$ D ‘
$ex(E)=\mathrm{s}\mathrm{u}_{1^{)\{(F):F}}ex$ a fillte $(1\mathrm{i}_{\ln(^{\backslash }}11\iota‘,,\mathrm{i}\mathrm{o}11\mathrm{a}\mathrm{l}\mathrm{t}\mathrm{l})(\iota 1^{\cdot}\dot{C}\iota \mathrm{f}\langle)\mathrm{r}‘ \mathrm{S}\iota 1|).\mathrm{s}1)_{\dot{C}}\iota(\mathrm{c}\}$
$\gamma_{\mathrm{f}6_{\circ}}‘\triangleleft\doteqdot\ovalbox{\tt\small REJECT}\neg^{\mathrm{L}}-\ovalbox{\tt\small REJECT}\nearrow\lambda\backslash$ t$\overline{\pi}$ operaor space $E\#_{arrow}^{arrow\chi_{\iota}1\text{ }}$
$d_{sK}(E)= \inf$ { $||u||_{cb}||u^{-1}||_{cb}$ : $u$ a linear $\mathrm{i}_{\mathrm{S}\mathrm{o}\mathrm{n}}1\mathrm{o}\mathrm{r}\mathrm{P}11\mathrm{i}_{\mathrm{S}}\ln$ from $\mathrm{E}$ onto- a matrix space}
$\text{ _{}\hat{\mathrm{E}}^{\phi\xi})}\circ\check{-}arrow T_{\backslash }^{\backslash }\vee$ matrix space $\text{ }$ el full matrix algebra $\emptyset$ subspace $\emptysetarrow’ \text{ }\mathrm{t}T6$ $\mathrm{f}\mathrm{f}\mathrm{i}.\backslash \backslash$
$\beta \mathrm{E}^{\backslash }\prime \mathrm{x}\overline{\pi}\mathrm{o}_{\mathrm{P}^{\mathrm{e}\mathrm{r}\mathrm{a}}}\mathrm{t}\mathrm{o}\mathrm{r}$ space $E\#_{\sim}^{arrow}x_{\backslash }t\mathrm{b}$
$d_{\mathrm{s}K}(E)= \sup$ { $d_{sK}(F)$ : $F$ a finte dinlensional operator subspace}
$j\mathrm{E}\wedge\ovalbox{\tt\small REJECT} Tk\mathrm{o}$
$i^{-_{\mathrm{E}}\iota\Sigma}7([8],[10])$ opera $\dagger_{\text{ }}or$ space $El_{\sim}^{arrow}\gamma\backslash \iota\llcorner 1\backslash \lambda$-rlf $[\mathrm{Q}-\mathrm{J}\mathrm{t}\dot{\llcorner}^{1}\overline{\mathrm{u}}_{\circ}$
(i) $ex(E)<C$
$(ii)\not\in\ovalbox{\tt\small REJECT}_{\backslash }\emptyset$ operator space $\sigma$) $F|\mathrm{J}(X_{n})\#_{-}^{arrow}n\iota\Xi I’*f;\backslash \backslash d$ inclusion
$( \prod_{n}X_{n}/\omega)\otimes E\sim’\prod(xr\iota\otimes E)/n\omega$
$\emptyset$ norm $\delta^{\searrow\backslash }\backslash C$ JI $\mathrm{T}_{\backslash }$
(iii) $d_{sI\iota’}(E)<C$
Proof. + “F $r\Leftrightarrow_{arrow}^{\vee}\text{ }x\mathfrak{h}El3\mathrm{i}\mathrm{g}\mathbb{R}\backslash ,\mathrm{x}_{\overline{X}}\text{ }1$ “ $\text{ }$ v )
$(\mathrm{i})\Rightarrow(\mathrm{i}\mathrm{i}):Xn\subset A_{n}kf_{\mathrm{d}\mathrm{i}}6^{\backslash }\mathrm{J}\ovalbox{\tt\small REJECT}^{\backslash }4^{f_{d}}:C^{*}$ -algebra $A_{k}$ $\text{ }i\iota\iota \mathrm{f}^{\backslash }\ddagger$ $1_{J}\supset\circ$
$(\mathrm{i}\mathrm{i})\Rightarrow(\mathrm{i}\mathrm{i}\mathrm{i}):E\subset \mathrm{B}(\mathcal{H})$ $1_{arrow}P_{r\iota}$ : $\mathrm{B}(\mathcal{H})arrow \mathrm{M}1_{n}$ $\Xi^{\Re}I\cdot\backslash \backslash ‘ \mathrm{r}_{\mathrm{C}}\mathrm{o}\mathrm{l}\mathrm{n}\mathrm{p}\mathrm{r}\mathrm{e}\mathrm{s}\mathrm{s}\mathrm{i}\gamma 011\text{ _{}\backslash }$ $u_{n}=P_{n}|_{E}\text{ }$
$k\langle_{0}|-\vee\emptyset \text{ _{}x}\in El\simarrow\chi\backslash$} b M $\mathrm{b}t\searrow\iotaarrow\sim$
$||x||= \sup||u_{n}(x)||=\lim||u_{n}(x)||$
$\mathfrak{P}$ 6 $jb^{1}\mathrm{b}$ . $+\mathrm{f}\mathrm{l}\cdot\lambda \text{ ^{}\gamma_{;}}d\uparrow \mathrm{t}\mathrm{t}_{\mathrm{c}}^{arrow}\mathrm{y}\backslash 11_{arrow}$ $u_{n}l\mathrm{f}$ illiectilr $\mathrm{e}$ Ll {$\#\prime t\backslash -\vee\emptyset+\#\chi \text{ }\gamma_{\zeta?}\mathit{1}\text{ }\mathrm{e}_{\grave{X}_{-}}k)$
$E_{n}=u_{n}(E)$ &k‘ \langle $\text{ _{}\mathrm{s}}$ $u_{n}l_{\sim}^{arrow}$ $;\mathfrak{y}_{j\vec{\mathrm{E}}}^{d}\ovalbox{\tt\small REJECT} 6$ nlaP
$u_{\omega}$ : $E arrow\prod E_{n}/\omega$
$l3$: completely $\mathrm{i}_{\mathrm{S}\mathrm{o}\mathrm{n}\mathrm{l}\mathrm{e}\uparrow}1^{\cdot}\mathrm{i}\mathrm{C}\mathrm{i}\mathrm{s}\mathrm{o}111\mathrm{o}\mathrm{r}_{1)}11\mathrm{i}\Lambda\backslash \ln$ ‘ $Z_{\circ}\ll^{-}\mathrm{c}arrow$ “ $L^{1=}(\iota_{\omega}^{-1}kk^{\mathrm{Y}}$ $\langle\circ$






$1^{f} \in\prod_{r\iota}$ (E } $E$ ) $/\omega,$ $||\{’||$ < $\circ$





6 Norm – tensor product
8(E.Kirchberg)
$\mathrm{B}(\mathcal{H})\otimes \mathrm{C}^{*}(\mathrm{F}_{\infty})=\mathrm{B}(\mathcal{H})\otimes {}_{\gamma r\iota ax}\mathrm{C}^{*}(\mathrm{F}_{\infty})$
Lemma
Sublemma. $n$ , $a_{1},$ $\cdots,$ $a_{n},$ $b_{1,n}\ldots,$$b$ \in B( )
$|| \sum_{i=1}^{n}a_{i}b_{i}||\leq||\sum_{i=1}^{n}a_{i}a_{i}*||1/2||\sum^{n}b_{i}i=1*bi||^{1/\mathit{2}}$
Proof. (Cauchy-Schwarz $\mathrm{i}11\mathrm{e}\mathfrak{c}_{1^{11}}\mathrm{a}1^{\cdot}\mathrm{i}\mathrm{t}\mathrm{y}$ )
em\acute ma. $7l$ , . . $,$ $.?_{7l}$ \in B( )
$|| \sum_{1i=}^{n}x_{i}\otimes U_{i}||_{\mathrm{B}}(\mathcal{H})\Theta C*(\mathrm{F}_{\infty})$ $=$ $|| \sum_{i=1}x_{i}n\otimes U_{i}||_{\mathrm{B}}(\mathcal{H})\otimes_{\mathit{7}nax}\sigma_{(}\mathrm{F}_{\infty})$
$=$ $\inf\{|\sum_{i=1}^{n}a_{i}a_{i}*||^{1/2}||\sum_{i=1}^{n}b_{i}*bi||^{1/2} : x_{i}=a_{i}b_{i}\}$
$U_{1},$ $U_{2},$ $\cdots\in$ $(\mathrm{F}_{\infty})$ canonical generators
Proof. $\mathrm{i}$ $\mathrm{i}$ Sublemma $a_{i}\otimes U_{i}$
$b_{i}\otimes 1$ i operator space
(iii)
$T:l_{\infty}^{n}\ni e_{i}-\succ x_{i}\in \mathrm{B}(\text{ })$
$||T||_{\mathrm{C}b}=|| \sum_{i=1}X_{i}\otimes Ui||\mathrm{B}(\mathcal{H})\otimes c_{1)}*\mathrm{F}_{\infty}$
4
$T(a)=V^{*}\pi(a)$ I $\mathrm{T}^{\gamma}$
$\pi$ : $\ell_{\infty}^{n}arrow \mathrm{B}(\mathcal{K})$ $*$ -homo,1 $1\mathrm{y}\in \mathrm{I}\mathrm{B}$ ( , $\mathcal{K}$ ) with $||l^{\gamma}||||\mathrm{T}\mathrm{T}’||=||T||_{Cb}$
$\ell_{\infty}^{n}$ $\mathcal{H}=\mathcal{K}$ $=l’\mathit{7}*\pi(ei\mathrm{I}, b_{i}=\pi(e_{i})\mathrm{T}\mathrm{T}^{r}$
6
Remark. $U_{1}^{-1}$ $U\mathrm{l}=1$ ( $U_{2},$ $U_{3},$ $\cdots\in$
$\sigma(\mathrm{F}_{\infty})i\grave{\grave{\backslash }}$ canonical generat, $\mathrm{o}\mathrm{r}\mathrm{s}_{0}$ )
Proof of $Theorem.[91$ $E$ $1=U_{1},$ $U_{2},$ $\cdots\in\sigma(\mathrm{F}_{\infty})$ operator space
$S:\mathrm{B}(\mathcal{H})\emptyset Earrow \mathrm{B}(\mathcal{H})\copyright_{\Gamma rlox}\sigma(\mathrm{F}_{\infty})\subset \mathrm{B}(\mathcal{K})$
Lemma unital complete $\mathrm{i}_{\mathrm{S}\mathrm{o}\mathrm{m}}\mathrm{e}\mathrm{t}\mathrm{r}\mathrm{y}\circ$ unital complete $\mathrm{C}\mathrm{o}\mathrm{n}\mathrm{t}1^{\cdot}\mathrm{a}\mathrm{C}\mathrm{t}\mathrm{i}_{0}\mathrm{n}(=\mathrm{U}\mathrm{r}\mathrm{l}\mathrm{i}\mathrm{t}\mathrm{a}1$
complete positive mappillgI
$\hat{S}:\mathrm{B}(\mathcal{H})\emptyset\sigma(\mathrm{F}_{\infty})arrow \mathrm{B}(\mathcal{K})$
$\hat{S}$ multlpricative $\mathfrak{c}1_{\mathrm{o}\mathrm{m}_{c\gamma}}\mathrm{i}11[3]$ $\sigma$ -algebra $\mathrm{B}(\mathcal{H})\otimes rE$
$\hat{S}$ $*$ -homo algebraic tensor product $\mathrm{B}(\mathcal{H})\otimes\sigma(\mathrm{F}_{\infty})$ identity $\mathrm{m}\mathrm{a}\mathrm{p}\mathrm{P}\mathrm{P}\mathrm{i}1_{\circ}$
$\mathrm{B}(\mathcal{H})\otimes\sigma(\mathrm{F})\infty=\mathrm{B}(\mathcal{H})\otimes_{\max}\sigma(\mathrm{F}_{\infty})$
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